synopsis objective. This study examined prostate-specific antigen (PSA) test use among men and identified sociodemographic and health-related characteristics associated with its use over time.
Prostate cancer is the most common cancer among men in the United States and the second-leading cause of cancer deaths in this population after lung cancer. 1, 2 The disease poses a burden for older men in general and black men in particular. Additionally, there are often morbidity-related issues from this disease and its treatment that affect men's quality of life. 3, 4 The prostate-specific antigen (PSA) test is routinely used as a screening tool to assist in the diagnosis of prostate cancer, and routine PSA-based screening has led to a dramatic increase in prostate cancer detection. 5 There is, however, some disagreement about the efficacy of such screening, as it has not been demonstrated in randomized clinical trials to improve survival. 6 In spite of the disagreement, PSA remains an important prognostic marker among men diagnosed with prostate cancer. While its sensitivity and specificity in detecting prostate cancer may not be optimal, it has reported clinical validity and is an important predictor of outcome. 7, 8 Testing for PSA has profoundly affected the diagnosis, treatment, and monitoring of prostate cancer and has allowed physicians to detect prostate tumors while they are small, typically low-grade, and treatable. 9, 10 There is, however, some debate that screening for these types of prostate cancer contributes to overdiagnosis or finding and treating cancers that may be insignificant compared with the risk of possible side effects from the treatment. 9, 11, 12 Prostate cancer screening using the PSA test has varied by race/ethnicity, and some studies have suggested that black men have lower screening rates for prostate cancer than white men. 13, 14 However, recent studies have found that PSA test use for screening has increased, especially among younger black men. 15, 16 In addition to race/ethnicity, correlates of PSA test use include older age, higher socioeconomic status, being married, having a family history of prostate cancer, having health insurance coverage, and having a usual source of health care. 17, 18 The purpose of this study was to examine the use of the PSA test among men from a national survey conducted in 2000 and 2005 by sociodemographic and health characteristics. This analysis explored use of the PSA test for screening purposes within the past two years and the number of PSA tests during the past five years to determine correlates of both recency and frequency of PSA testing among men in the U.S.
MeThodS
We examined data from the National Health Interview Survey (NHIS), an annual health survey conducted by the National Center for Health Statistics. The sur-vey includes core questions about the respondents' health, access to and use of health services, as well as demographic and socioeconomic characteristics. It also contains one or more annual supplements addressing particular health issues. In 2000 and 2005, the survey collected information related to cancer prevention and control. 19, 20 Trained U.S. Census Bureau interviewers conducted in-person interviews. Black and Hispanic households were oversampled to obtain more precise estimates. 19, 20 Response rates for the core survey and the cancer control supplement were 88.9% and 72.1%, respectively, in 2000, and 86.5% and 69.0%, respectively, in 2005.
Study population
Only NHIS respondents who were male and $40 years of age were asked about their PSA test use. We focused on these men for our analysis. Many organizations that support prostate cancer screening recommend that annual testing begin at 50 years of age. 21 However, because black men and men with a family history of prostate cancer are at higher risk at younger ages, some organizations recommend offering PSA testing at an earlier age for these men. 2 Prior studies related to physician practices also indicate that many physicians begin prostate cancer screening at earlier ages, 16, 22 and this sample allowed for examination of this pattern. We excluded men who self-reported a previous diagnosis of prostate cancer, as they were likely to have had PSA testing as part of their routine care.
The 
Data collection
During both survey years, respondents were asked if they had ever undergone a PSA test and, if they had, the length of time since their most recent test. They were also asked how many PSA tests they had received in the past five years. From these questions, we created two PSA test use measures indicating (1) recent PSA test for screening purposes (as a routine test or screening test, or because of family history of prostate cancer) and (2) frequent use of the PSA test, defined as having had three or more tests in the previous five years. Recent PSA tests included tests within two years prior to each survey. PSA tests for any purpose were included in the frequent-use measure, as respondents were not asked the reasons for having a PSA test other than for the most recent one.
We also used several variables in our analyses that were identified in the literature as possibly being related to PSA test use. They included age of respondent, race/ethnicity, marital status, education and income levels, region of the U.S., self-reported physical health, body mass index (BMI), health-care coverage, number of chronic diseases, family history of prostate cancer, usual place of health care, and having seen a doctor in the past year (Table 1) .
Data analysis
The NHIS used a stratified, multistage cluster sample. 19, 20 We analyzed data using the SURVEYFREQ and SURVEYLOGISTIC procedures in SAS ® version 9.2 23 to account for the stratified sampling design. We obtained sample weights from the NHIS public-use data file and divided by two for the combined years of data. 19, 20 We examined the weighted percentages of men who reported a screening PSA test within the past two years (recent screening) and men who had undergone three or more PSA tests within the past five years (frequent testing) by sociodemographic, health, and health-care characteristics. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to assess variability in the estimates of the percentages and to make general comparisons within and across groups.
We also examined interactions between each factor and time to determine whether PSA test use varied over time by specific characteristics. Overall statistical significance of the factors in predicting PSA test use was determined using the Wald Chi-square test. We conducted multivariate logistic regression analysis of the combined 2000 and 2005 data to obtain adjusted estimates of odds of each PSA test use measure by year and by sociodemographic and health-related factors. All statistical tests were two-sided with a significance level of α50.05.
ReSUlTS
The combined number of men in the sample was 16,058. The large majority of these men were non-Hispanic white, married, had health-care coverage and a usual source of health care, and had seen a doctor within the past year (Table 1) . For the recentscreening outcome (having had a screening PSA test in the past two years), we noted statistically significant differences across categories within year, age, race/ ethnicity, marital status, education and income levels, geographic region, BMI, number of chronic diseases, family history of cancer, having health-care coverage, having a usual place of health care, and having seen a doctor in the past year.
For the frequent-testing outcome (having had three or more PSA tests in the past five years), differences across categories within variables were similar to the recent-screening outcome, except for self-reported physical health, which was found to be significant for this variable, and income, which was not significant ( Table 1) . Similarly, the receipt of three or more PSA tests in the past five years increased among those with a known family history of prostate cancer and those who had seen a doctor in the past year, while remaining relatively stable among those without these characteristics. For this outcome, no other variables were found to differ significantly from 2000 to 2005.
After adjusting for all characteristics in the multivariate model ( Table 3 ) for marital status and for number of chronic diseases when we examined the recent-screening outcome. Similarly, we found significant interactions with year for the frequent-testing outcome for number of chronic diseases, family history, and having seen a doctor in the past year. Therefore, all results for year trends are reported based on these categories.
Single, never-married men had a 47% decrease in odds of a recent screening PSA test from 2000 to 2005, while individuals with one chronic disease had a 45% increase in odds of a recent screening PSA test during the same period. Additionally, men with three or more chronic diseases had a 31% increase in odds of recent screening from 2000 to 2005. Trends were different for frequent PSA testing, which declined among individuals with no chronic disease (32% lower odds) and among individuals with two chronic diseases (41% lower odds) from 2000 to 2005. We also saw declines in frequent PSA testing for individuals with no family history of prostate cancer (32% lower odds) and those who had not seen a doctor in the past year (32% lower odds), while individuals with a family history of prostate cancer and those who had seen a doctor in the past year showed no change during the study period.
diScUSSion
Many studies have examined PSA test use patterns, but few have examined PSA test use over time. 17, 24, 25 The PSA test (along with the digital rectal examination) is associated with early detection of prostate cancer. 2 Some organizations, such as the American Cancer Society, recommend that prostate cancer screening tests-including the PSA test-be offered to men $50 years of age, and earlier for men at higher risk, such as black men and men with a positive family history of prostate cancer. 2 The U.S. Preventive Services Task Force (USPSTF) concluded that the evidence was insufficient to advocate for or against routine prostate cancer screening using the PSA test and digital rectal examination. 26 Most organizations recommend some form of shared decision-making between physician and patient. 21 Actual test use may not conform to the USPSTF's recommendation against screening in men $75 years of age. 26 In the adjusted model, both outcomes (recent screening and frequent PSA test use) increased for all age categories except $80 years of age. This pattern is expected, as more opportunities to discuss and undergo a PSA test present themselves with advanced age. For men $80 years of age, this pattern also shows lower screening and frequent PSA test use compared with men 65-79 years of age, but higher use than the referent group (i.e., men 40-49 years of age).
Black men were more likely to have had a recent screening PSA test compared with white men, but there was no difference between these racial/ethnic groups for the frequent-testing outcome. In a trend study that examined the period 1995-2004, primary care providers ordered PSA tests for age-appropriate men at an increase of 8% or more per year, with more dramatic increases seen in black men and men with health-care insurance. 6 This finding may mean, in part, that physicians are becoming aware of the higher incidence and mortality of prostate cancer among black men compared with white men.
Although no difference was found between white and Hispanic men for the recent-screening outcome, Hispanic men were less likely to have had frequent PSA test use compared with white men. Presently, Hispanic men are at lower risk of both prostate cancer incidence and mortality compared with white men. 2 Findings from this study also offered information about marital status and PSA test use. Recent PSA test use declined from 2000 to 2005 for men who were single and never married. This pattern of decline in recent PSA screening among single, never-married men suggests that men in this group should discuss PSA testing with their physicians. The pattern of unmarried men having low PSA test use has also been found in other studies. 27, 28 It appears that marriage may be associated with higher use of preventive health-care services. 29 In our study, both the recent-screening and frequenttesting outcomes were associated with higher levels of education and income. Also, the variables residing in the southern region and having health-care coverage, one or more chronic diseases, good or better health status, a usual place of health care, a known family history of prostate cancer, and seen a doctor in the past year were associated with both higher recent PSA screenings and more frequent test use compared with their referents. In a different national study, older age, higher levels of education, and having health insurance and a usual source of care were positively associated with having a PSA test. 17 Overall, the number of chronic diseases played an important role for both recent PSA screening and frequent PSA testing during 2000 and 2005. During the five-year period, the number of chronic diseases was associated with an increase in recent PSA screening; however, it was associated with a decrease in the frequent-testing outcome. For the recent-screening outcome, having one or more chronic diseases may have provided greater opportunity for more interaction with the health-care system and, thus, more opportunities for screening.
Our study also found that men who were overweight (BMI 25.0-29.9 kilograms/meters squared [kg/m 2 ]) or obese (BMI $30.0 kg/m 2 ) reported more frequent PSA tests than men with normal BMI (,25.0 kg/m 2 ). Similar positive associations between PSA testing and BMI have been shown in prior studies of black and white men. 30, 31 High BMI has been associated with higher-grade tumors, poorer outcomes, and higher mortality due to prostate cancer; 32 yet, the reason for higher testing or screening use among overweight and obese men has not been clearly established. 33 It may be that more frequent testing in these men may be driven by more visits to health-care providers, due to other existing comorbid conditions. Our finding of a positive association between family history of prostate cancer and PSA testing has also been confirmed in other studies. 17, 18 However, one recent study examining the probability of ever having a PSA test found an association for white men but not black men; that is, black men with a family history of prostate cancer were not more likely to have ever had a PSA test than black men with no family history of prostate cancer. 34 Also, another study found that there was a significant association between both age and family history and recent PSA testing; that is, the association between family history of prostate cancer and recent PSA testing was significant for men $50 years of age but not for younger men. 35 In our study, more frequent PSA test use decreased during the study period among men with no family history of prostate cancer.
Strengths and limitations
This study had several strengths. Data were from large, nationally representative surveys. These cross-sectional surveys, conducted five years apart, collected information on several aspects of PSA test use, including recent (within the past two years) PSA test use for screening purposes, as well as the number of PSA tests taken in the past five years. These categories allowed examina-tion of more than one form of utilization. The NHIS 2000 and 2005 data collections oversampled both black and Hispanic populations to produce more precise estimates of use among these understudied populations. We were also able to examine interactions between year and factors that may help to clarify the use of PSA tests.
The study also had several limitations. The main limitation was the reliance on self-report of PSA test use. Studies have shown less reliability of self-report when compared with medical records. 36, 37 Despite the lower reliability, self-reports are useful and show great potential in conducting health research. 38 There also may have been an underestimation of how much time had passed since a respondent's last PSA test. 39 Also, the NHIS questions asked the reason for the most recent PSA test only, so we do not know for sure if the previous tests were used for PSA screening or for some other purpose.
Additionally, we were able to offer little information on the other race (non-Hispanic) group, which included Asian Americans, American Indians/Alaska Natives, Hawaiian/Pacific Islanders, and other groups, due to small sample sizes. Findings reflected a five-year pattern only, and these results may be subject to change when additional years of data are examined. Finally, the survey response rates declined slightly from 2000 (72.1%) to 2005 (69.0%). Sampling weights reflective of the national population were used during both years of data collection; therefore, this slight decline in response rates should have had no effect on our results.
conclUSionS Findings from this study could have important implications for medical and public health professionals. Using nationally representative data, the study adds some clarity to PSA test use among men of black, white, and Hispanic race/ethnicity (the latter of which has been understudied in the prostate cancer literature) and other factors, including having seen a doctor in the past year and having a family history of prostate cancer. The fact that there has been variability in factors (increases in some and decreases in others) associated with recent screening PSA test use and frequent PSA test use alerts us that PSA testing is highly complex and invokes us to examine this variation in different ways for better understanding. Results from ongoing randomized, controlled trials may help to clarify the importance of the increase or decrease in PSA test use.
Despite inconclusive evidence that PSA test use is beneficial, physicians and patients may be recognizing that (1) frequent visits, especially preventive health visits, are important, and (2) men with a known family history of prostate cancer are at increased risk for the disease. Both factors provide opportunity for discussions about prostate cancer and decisions about screening.
